2
Increasing concentrations of carbon dioxide (CO 2 ) in the atmosphere have stimulated significant global research and development efforts regarding the reduction in CO 2 emissions from all point and non-point sources. In addition to technologies that do not use carbon feedstocks or which capture and "permanently" store CO 2 (i.e., sequestration), there is considerable worldwide interest among the academic, industrial, and government communities regarding methods for dissociating waste stream carbon dioxide molecules into their constituent carbon and oxygen ("CO 2 splitting") atoms as a final "end-of-pipe" treatment option. This document presents a review of on-point issued and applied for patents in the field of carbon dioxide splitting.
Bockris applied for a US Patent with a priority date of March 22, 2005 entitled "Method and
Device for Dissociating Carbon Dioxide Molecules." 1 The intent of this invention is to thermal catalytically and/or electrochemically split carbon dioxide, and to use electrochemical methods to transport oxygen ions across a membrane and create a solid carbon residue inside the reactor.
While the primary means of splitting CO 2 in this application appears to be electrochemical, the patent speaks to using elevated temperatures at the membrane interface where CO 2 is to be adsorbed and subsequently split, and thus also likely appears to contemplate potential thermal catalytic processes.
The abstract of this patent reads as follows:
"An apparatus is provided for dissociating carbon and oxygen from carbon dioxide molecules. The apparatus includes a thin plate made of a solid permeable ion-conducting 3 membrane having a partial coating of platinum on a first side and ruthenium oxide on a
second. An electric potential is applied between two surfaces of the membrane and the membrane heated by a heating element. Carbon dioxide gas is brought into contact only with the negatively charged first side of the membrane. The oxygen atoms are put under an electric field, separate from the carbon atoms and enter the membrane, and become oxygen ions. The ions are transported across the membrane to the positively charged side, where they lose their negative charge and exit the membrane as pure oxygen. The carbon does not pass through the membrane and is left behind. The carbon is detached from the membrane and collected as powder for use or disposal."
As noted in the patent's Detailed Description (emphasis added), "[t]he present invention … overcomes problems with the prior art by efficiently dissociating carbon dioxide molecules (CO 2 ) into the environmentally friendly elements of oxygen (O 2 ) and carbon (C). It is well known that CO 2 is a stable molecule and therefore difficult to dissociate. A thermodynamic analysis … of the standard free energy of formation of CO 2 from C and O 2 shows that the formation of CO 2 is highly favored and the reverse reaction cannot occur unless forced to do so by means of an electrical potential … The present invention utilizes a solid electrolyte, raised to a temperature of more than 1000°C, with an applied electric potential."
Thus, this patent does not address the direct uncatalyzed thermal gas-phase splitting of carbon dioxide, but rather considers the coupled thermal and electrochemical splitting of carbon dioxide at a solid-gas interface.
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The three broadest claims are claims 1, 11, and 19 (emphases added).
Claim 1 states as follows: "1. An apparatus for dissociating carbon dioxide molecules, the apparatus comprising:
an ion-conducting oxygen-permeable membrane having a first surface and a second surface opposite the first surface; a power source for applying a first voltage to the first surface and a second voltage, which is greater than the first voltage, to the second surface; and a chamber, mechanically coupled to the first surface, for containing CO 2 gas, such that the CO 2 gas within the chamber contacts the first surface of the membrane such that O atoms from the CO 2 gas contacting the first surface exit the second surface of the membrane."
Claim 11 states as follows:
"11. An apparatus for dissociating carbon dioxide molecules, the apparatus comprising:
membrane means for dissociating CO 2 gas into C and O atoms, the membrane means 5 including a first surface for contacting the CO 2 gas and a second surface through which the O atoms exit; and a power source for applying a first voltage to the first surface and a second voltage, which is greater than the first voltage, to the second surface so as to cause the membrane means to transport the O atoms from the first surface to the second surface."
Claim 19 states as follows:
19. A method for dissociating carbon dioxide molecules, the method comprising the steps of:
"heating an ion-conducting membrane having a first surface and a second surface opposite the first surface; applying a first voltage to the first surface of the ion-conducting membrane; applying a second voltage, which is greater than the first voltage, to the second surface of the ion-conducting membrane; and contacting carbon dioxide gas with the first surface of the ion-conducting membrane."
This patent application appears to have received an unfavorable review by the International 6 Searching Authority (ISA) acting on behalf of the World Intellectual Property Organization (WIPO), which held that while the content was novel and had industrial applicability, all claims lack an inventive step as being obvious over previous US patents. While Joshi does not teach an apparatus for dissociating CO 2 , or that the chamber contains CO 2 , the search authority held that Gomberg 3 does teach dissociating CO 2 gas in a chamber (albeit using radiolytic methods), and that it would have been obvious to one of ordinary skill in the art to combine the teachings of Joshi with those of Gomberg to provide Bokris' apparatus for dissociating CO 2 molecules. The remaining more specific dependent claims of Bokris were rejected as obvious using similar reasoning. Similarly, the authority held that prior use of oxygen-selective membranes (such as zirconia)
for leak detectors made the use of these membranes obvious for selectively removing oxygen from a CO 2 splitting reactor. Finally, the authority also held that prior use of carbon cleaning systems in coke oven ascension pipes made obvious the use of carbon collection systems in a CO 2 splitting reactor.
It is also of note that the search authority did not need to refer to the prior art in the peerreviewed literature for their obviousness decision in Bokris. As is discussed in the companion 8 paper to this review, the peer-reviewed literature sets compelling obviousness issues for CO 2 splitting patent applications due to the extensive work conducted in this field over the past several decades.
With the decision in Bokris seeming to hold obvious all means of splitting CO 2 , the recent patent application by the Global Research division of General Electric (Ku et al. 5 ) appears to be the test of whether catalytic means of splitting CO 2 will be held obvious based on the decision in 6 This patent teaches, in its broadest claim, "a catalyst for the reduction of carbon dioxide comprising a transition metal on zinc oxide alone or on a composite containing zinc oxide and at least one metal oxide of a metal selected from the metals in Group IIIb and Group IVa in the Periodic Given the usual test standards for obviousness, it could reasonably be construed that patents in this area are subject to a higher standard because of the global importance of the carbon dioxide issue. Authorities may be hesitant, on policy grounds, to issue broad-ranging patents for CO 2 splitting in order to prevent a worldwide reluctance towards adopting feasible treatment methods because of the high patent licensing costs that may accrue.
